The Unilateral Dynamic Characteristics of Three Electrode Thermionic Amplifiers by Frayne, John G.
THE UNILATERAL DYNAMIC CHARACTERISTICS OF THREE 
ELECTRODE THERMIONIC AMPLIFIERS 
By John G. Frayne 
A Thesis submitted to the Faculty of the Graduate School of 
the University of Minnesota. in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
June 1921. 
l - I. t .m1r. "Pll it 11~ tion o . to T esr by 
P. I. P. . . I Sept. 5 i.nd G. . v1ow • 
~ - J . Bat nod. Cu"99 1 Con ti on 0 111 ty". 
1. 35, 31, Oct. 4 , 916. 
" 
O oi ft 
J, , -, ~ 
3 - ' ~tour, "Oen Qr on " • 
e . o, 1 l . 
. .. G. v 1. ur1 ri ie 0 1 \1: in io • • 
t • onicn, Vol. 09 . 3,4,18 9 7. 
5 - Bo ion 1 
17. 
6 - • c. it• •Pliot on 0Ro1 l tor •. 
. . v. 19, 7?1-5, 191 • 
•Pliot n O ci to fo uotion Cur nt on 1 h 
l • l l?. 
7 - o. t1 ". 
ic 7. 
iv • P. I ••• :s, 1 ,1 1 
0 ". 
P. I. . E. , 45. • l 17. 
t') 
le 
" 
01"' 0 t B 
':\I 
~ l 5. 
f P. I. 
J 5. 
i;:: 
as 
~ 
... 
c 
-
10 - A. • Hu 1 
11.- L. uet1n 
l:J - B. Pr tt 
13 - B. Hn''""''f1L 
14 - B1oh rdson 
15 - Sto l 
17 - • T to 
l - !Io 
19 - tr n 
• R. T 110 
r 
- r •• ne et 
:; - • n 1 
P. I. 
- ,, ... 
v. 
. . 
ur . t o 
ot ". 
• V.?. 141-
Tub 
b. n1a . 
5, .. • 
1918 • 
Gi 
wit 
t l 17. 
. t1v 
P. I. R. 
"Lon 
udion 
c• ti~n tith Com tnal Ct7 t l Det oto 
litter•. 
9. I. 3 1 1'71, 19 5 
Pro bl - I"9 ngun ". 
l. rl • 
"Th Dou.bl 0 CBi 
Ot"ld . l 15. 
• ctt'ic r•. 
So . ba . 17 ~ 915. Douto • •• 
Verh •. 1 13, -7 July 15, 191 • 
" 
ion D t ot r 1 
" • 
...., ct 1ct v. :n, 1913. 
Cur nt . l~·· 
• T. C. v. .. 7 , 1913 • 
• • 
., - 1 an r 
6-
7 Q. 
1n1 
~ 
-
cl 
31 - 111 
" 1 1 
-
- • J. 
- 3 -
• ieb 
c 1v • 
• · ion 
ec 
• Inc 
0 ector b 
inc 
ctr1c1 
1. 
l 0 
rld.. 
1. 
I 
1n 
J 
t . 
, l 
• 
, 1 
r 
•ion•. 
I 1 1., . 
• • 
10, l l • 
io l . •. 
l l . 
• 
" 
. 
•. 
• I 1915 • 
37 - Jo fill• lo e ion". 
30 - lo t n :u 0 • l 18 
9 - 0 t nic 
l~- l 1 
40 - . el tin P. I. ll • 
41 - t . B: l •. 
uo c . l, 1~19 
4 
-
to • . 
t, l 
4 
- n. c 11 1on 1ro 1t t". . 
v. , ?, l 19. 
4 
- J . till r 1t1c • . 
in 351, 1, 191 . • 
-
11 Ur. t 1c ti • 
.. ro 4 
- o. G. n iti ". 
o. 
0 r1 1 
un t 1 t t 1 
it 
1 ic:h 
c 
' 
t ol 
pl 
' 
1 
h 0 , 
f1 , n 
' 
t 
-
l 
t 
1 i 
1 • In 
n 
Ol D 
, 
-' 
1n c n 'I 'by t v 11 1~ 
to 
fj 
• to r , 
o t in tt r" nt 11 t t th 
pl t d on 
t t1 I t e cor .. e pon·'1.n cur 
tic . n only 
t e grid. o or t r .nt circu1ts . 
V n d. r thtt • l for 1n OU cut" n 1n 
ve o . b t1' en sr1 
11 nt t r 19 n t .d 
t'he 1 •1 circuit . H 
7 
tine h 
in 1 le y in t t 
tu 1 er1v 
0 it; r t • .r•a 1 
ct c it . 
ot t. • eri • 11-
I GB of ic 1n t 
B on ll 
o c1 ti i rt 
fil 
r 1 110 ti t. 01" ic 1 t .t in th c 
l . .,, . 7, 9 
. 
3 . 
4. 
5. 
6. 
7 . 
I l. 
C' 
1 in 1n t I ul tic io no l 
o t p r l>olic b nt, 
but 0 
r t 1 
or t.r l1n th 
h on or r 1 l tl 
to 1t 
0 0 c • . 
1 1 1rc• 1t . 
1 n J. 
and 
ci 
'" 
r 
" 
0 0 
t 1 .. . .. 
ti 0 ic . Uc . 
0 
' 
1 to t 
I 1 I ent 
( ) 
Io 
' JU-fr -::2-
Ib 
Ic • 
H w, 
P( • t:-(Io ( ) 
~0 + tf tc ( ) 
.. d 
d tb d- Io 
• • v • 
l p - 407 l 19 
-It h t1 n wit in c •t in 11 it 
:f'1n1 te., ion• of • t • t en 
pod ti ve n Eo 0 n tiY 
1 coupU 
bet en ctrort a 
1 8 07cl per 
c., it y. c e of he pl t• pot t1 l, 
t t un\ to f1otit1o ntr uo into t a1 
Ic int nt . It t i thus 
'b in c a.blo o l 1 
virtue ot t ea1 t r to o-
in ch 11 ct t rid nt1 , t tub i 
R 1 • 
It 1 th t l t t 
b itt :f"unc 1on 
n I ~ ( +/ ), c n t nt t 
on t . t 
Th P1< + )A/ ) 
f 
-7 .Pc / ) 
+ dEc . 
• 
• 
ia t 
In 
on 
b rH in 
t 1a 
l tin f 1 
£ 
in 
t1v 
., it 
l . • c1 • 
• 
5 . 
6. 
.. . c .. 
-/- + 
b ed 
c 
t t 
, tn in 
t . 
r . 
I 
- .l ( 
, 
l • 
-
1 oc edu • · 
' 
not t . 
t 
n 
t t ;bov 1. ry 
1on c ul 
~~ 
+ j,(. ) 
•• 
+ t-
,,.. 
t 
11 
1o 
1 o a 
0 t h 
n 
n 
iea. 
I , 1 
... •• 0 it • 1 n t, 
t vol e ti 
r1 1 1n r tlon. 
Pro t1 0 t 
0 
t1on 
t pri l 
Uo 
!or nt 
1 
n oe • t t 
J'or, n 
c 
ot 
•l 
1 
t 
t 
t 1n 0 
I 
In 1 c 
t v c.- + • n 
/ ( c. + e •in t ). 
t 
' 
c 
r' 
r 
-
t 111 
t 
-
er to 
th t 
h 
lt 
in 
6 
-
I 1 y t t 0 in. 1 0 n t e 
di tni or in t in 1vid l te 
1c. 
i t1 • cb 1n om t 
( I + '> (?) 
v 0 0 n t1 l•. 
t in 0 
t not 
n lo 
in •t 
In 
1 • in, 
ct . In 
in ) ) 
1 
- 7 -
roe tn fu r lt ,.. .t b 1 to h 
t t in or er t t 
( ) ent t t co 1 ion t . v l or 11 •it in 
0 t in 1 1~ , n 1 
~ ) + I I • ( 1) I 
L.. I . + £_ I - I ~ ' µ_, 
u G i• the 
lee on • Aleo 1r in 
eycl o ion ove , 
!'l tt d out t t • p t or t c ri tic 
"'ritt ,\ ene 11y 
Ib -f ( ve 1n 
ur1n in 
I,1 • -f (O) + fa. e •in _ t f 1(0) + 
:f I (0) J I • .A ( +/Ee + d 
-J' (0) 
1n t. 
const 
c t 0 
1a 1c 
• l 
t 
).., 
c) + 
1 t 
t1 n, 
nt . 
!by<( + 
nit 
e 
1t 
l n• iv 
lt1n <mrr ... ,t 
rve . u tio 
t) 
// 
~! -J' (r) 
~ ) • 
-R 
In •• c 
2-
n t) + £ ) 
l.n to ttr t 
,. 
- l 'b 
( } t b 
t + 
1 i 
to 
it, 
1c 
t• 
t 
1.-
nnt 
t tu l 
thir. or tout't 
to 1nd1c te, t l 
v rio• tub oon•t 
- e -
u • • 
t to b olo 
~ 
( ) j, re ' c (A e 11 tn t + --- j 119 
,,?( ' 
in t) ( 11 ) 
c .. n cti ~ 
it 1 
1 r t"n t 
y t 
ou;ht 
on t 
or ci ta . 
el"r1nv b to qUJ tien (1 ), t co 1c1 t o tollo 
.i c tic 
( ue)~ 
In o t 
f (0) • t'J.{.11 + 1) - D '~} 
-f I (C') • 
j //("') 
f /II( ) 
... t n 
o · tn( ) 1a 
n 1~~ I A 'Ml 
it I /Y( I 
/rl. • ce Id. 1)1 f 
( } 
<l 
• 
• 
• 
1 
hf I 
01 Cl){ -"H --r- >- - - - -I 
I ~ ,)1 +I 
r'Yl- -
. ~ 
or t 0 
by 
at y 
(l ) 
- ,_ I 
/)'\ -
A 
Th· to iveny d. I t t 0 R IH b • 
u ing th lu • o.- A,/A-- , 0 , 1.' h1ng 
, 
u to l~ volt • I ve , 1 Ulb t t 1 enn t h.av 
rg r t n OU 15 v t 1 eq ( 0 ) 1 t 
co . \ t n • Tho • e1c l on 1c· t • on 
1 t1 on e to t 
l1m1 l v v 'b ( 1~}. t t of e, 
th t Ul3 series (11) converges rapidly and 1n e 
evaluated in order to find a close approxi ~· ion 0 .u . t ·• 1nL 
under a certain condition Qf the amplifier. 
f 1(0 st to ot en 
th :\ ext 1 r 1n t Ci \t. ( 1- !3 ~1 
. e tot ~ircult 1 0 lie t 
c 1 nor the .. nt out 0 t t u 
no 
ince (1 ) 1 ) 1t 1 n y to con rt 
th v. :-1ou 0 •in( t) into 1 t unc ltipl 
of c t • ri 
t i t (9 ), ot 
in ( ) 
I .. ) - +j 
+ [~ ( 1 - -11- ;)-;. 3 .J 3fij n( t ) µ :e 
v~.~ y;, µ+:¥ ~] ) 
-
+ + 
+ ~ ~ ,vd e3 »-%} in t 
+ L 3 j, /( r 4 - ~1 c t 
c~ l eo ut tton t i n h1 t tor of • 
l 
l. 0 d b 
. t I + 
' 
0 • ~ • 
c 11 l 
, 0 
I 1 
ro, 
In n ce, it may be 
in tha the maximum po er is obt ined from & tube 
n late circuit i• 1 
I 1 t 
, th to o n 
( ) 
- 1 -
(16) 
p 
0 •• 81 (17) 
a 1t1on ·o 
t t t tio ot t t 'AO 1 . Al. J. "' cm 
1t1on hol· d aired ... pl t 
b tt . 
' 
- l -
0 c;{;l- ' >(J - - -
fo o I•~+ I 
If ub t t t t · ~ • h r" 't t 
1n a.nco 1n .. en.• !" o e ~ 
' ' "cf:f 
.. ~ + # + .;tf+a.-)+ ..... / ,..... I ).-
• D1-- + '1 - t/ '2- {P 1b1 + 
1n e • or ~ cf 
+ b I e# + 'b.,< - :i_lf/ 
v follow 
-~~ 
+b3 +-----
~" l J'b J + 3 -------} 
+ ~ff[_ ~ :B L ip I 
2... J._. 
2 L E ip A .z + t ( oJ' 1+ l b-< + . ~bJ - - -ii 
.t~ r_ + L- B t 1p :i + 1- J_ .2... 3)-t ( ;-1 ( I + .,p, - l ~;;__- --x 
+ J <ft f. G L 11? J ... ( ..,t) }... }.__( 1°' 2._ - -'/ I - ... J ~ .3-f) 
+ l/ J.f-;f[-ABT,, I'/• , • 1 ( ;-1 l3 ,--- J 
+ t,,,.r L- - - - - - - - ... - - - - .. - - - - - - - - - - - ... - - - - - - - - - - -J 
+ --iff D 1 
' 
+ + r ,)._ + .t ( /b.2. + ..-? .3 + lr' !r,1---il 
~ i'{f !! ?- 1p { I+ '33 + T1 ~( 3 3 .r - -ii + 4 p + 
Jjt [!' D L 1 ["'b~ + 4 ?} + }. b I '-<- _,] + J+ l I> ( I b..j+ ~ -( _,-+ ".J b~-
+ - 4/f. B m. ( 2 L- '.:)_ 
---~ p b4 + y, ... 1 ..J + '5--) + r c- I/ -< - ri 1>1 3 o--1 .J + :.2 
+ ~-f:t"[----------------M---------------------1 
--- ................. - ........... -- ...... - ................. _ .. ~-
Determination of the Coefficients. 
obt in 
I -~t-;; D L 1 I+ 
~ 
-
B 1 ~ + - L ( 
D t 1 
.; -
.. 1 ( ~ 
ll L 1 ,,;- t 1 ( '.!J--- + 
.. -
3 • .) + ..,,.. ¥b .;- - - - - - - - - - ) 
,L :2-
I+ l ..<.. + ... ~ +-" ( :.; 3 ¥ '.J+ 
I "t J) - ~ ( ;J. -I ~ I - 1 
~ b.st-) 
~-} 
1') - ~( - a.,-b I -
,. 
I 
3) - ;r.< { :>- 0 ,.. '..( + I ..3 - ~'I -
........... _ .. _ ... _____ _ 
- 14 -
b1 2 l3 L 1 -1 + + L 1P ~ + f- ~ ; bA + l..,a):>3 + 0.3b./ + 0 __,- -) 
,_ 
b..q B ip b~ + 4 + L 1t> (b1 + 3b_,.)+ t/p~( .. b; + 6 1 b.:> + 16 ~b¢ + 30 :Jb.., -) 
ef 6 B L 1 ~ + t i p (%,:t + b9' + If' ~(-4 / b-<+ '/lo/+ 20 b.., + 36 1'ra ) 
b4 • 8 i p b/ + t 1p (3b3 + 5b0 } + r-p;.( ~ - Gb/ .; + 10 a.1 b~-+ 21\ _,,b~ ) 
b.., .......... - - - - .. - .. - - - - .. - ~ .. ~ .. - - - - ........... - - - - .. - - - .... 
- - - - ~ - - - - - - - - - - - ~ ~ ~ ~ - - - - ......... 
In or r to o in t in t 0 it 
oon tit n h on1oe ry to v nr n t n r o e t\on 
O!" 1nf1n1.t n r o v A• t th n 
0 ility, 1t 1 to c r 
e • Y in thn o e or t fir t r tit 
of th eeriee t only on a o 1 ort " • it in t 
( ). th t y• • 0 " • to 10 o VO t 1 t 
ot t c h r or 
"•". It w11 b r ily • 0 , ./ 
b, , b o S.de in 
•'"""' ........ ion tor the t'un lit • 1n thi c di 0 1 
t tir t o r o t in t r1 vo t 
exc C> I I ob in 
(,, ) 
b; • ip 
u t1tut1 t • in • • r etion tor -2_ ~ , 0 t 
in 
or ) b ). 
·~ • 4 ( 1 • c~ > 
b2 
- ip) 
ubati ut1 t tin or a b , 
t h co t t ., ,. or t 1 tt b 
( ) 
- 16 -
f o he correct ~ v l or o(2 in 
-
t-3 + 
be de in · in ( 7) 
( 
in eucoe• 1 e pprox1 tion deair <\ be inolu.ied. 
in th e roe ions to p rtic r :on1c. tt w1 l b t t 0 
r aulting 3Zlgl of l or e oh on t inclui 
in th 00 r 1c1 nt, thus uli 1 1 in 
ly tl t t pen nt on t 
on t r1 • 0 0 t 00 ti-
c1ent or t 0 l 
r aul 
inc t volt 7 
o\ = t _/ it 1 t ot ln t B ,. t 
r1 t t n el 1 If' I 
ho e r, t tir t plott in 1t1 to t 
• thua into a lin l 0 rf I it 1 
la tic 11 no lo 0 l1 • Sino 
h n1c to t nt 1, 1 1 not 
• rioua 7 d l le OUM' t 
tb dyn ristic. ot t r-
ion on t •t t e 
l tt r, t t t 1 I int 
of' o r tion. le t 1 • 1 by t 1nor 
1 ct t te • 
t t tun nt ttt I t. 0 t e 
e 1ly t un 
• 
- 17 -
t + 00 pt 
( t - ~) 
( t - ) j sin pt dt 
c;<._ 
_ / 
e1nee ~tan 
+ 
If th cur b r r rr to Ib, b xes, th b 
ti 1 :i b leo ino t v Io of thn un 1e 
.(-<-I 
:z ) fz_ th 0 t rit an • ( '0.1.. + J! 2 
I~ ,,f_p ~ J. II ,., • Io 
inc I~ t po .. r di in t 
loo 1 t ro l to t t tr th 
o, hich 1• th • in th c . tio no lon r t 
to or loo , but rt b t • t 
.. 
.. • 
inc co 
d1 
• 
y 111 otter t 1 1n1 
. 
1 c 
ob onl 1 er no ln t ti l b 1 t t 
0 p 
• J!__ • 
t un nt ~rP -x,) 
( , ~2-
t><., _ / "'o • 
be oun 1th t tor t 1: uot lee . 
io c ri tic to t 19 0 I 1 • 11 to t to t e 
- l -
1nd.uat c , t out in 0 it 1raot1on. 
In or r to :ve 1 I be us to v .1r1 t 
th oey, th ollo con 1t1on• nte • o be t . 
( ) Pro uot1on or dn • m. t . 
(b) tT0 0 G 1c1entl lo fr ucmoy t t c it f~ ot iC'! t ot 
I 11 d ionfl . 
(o) nt o t 1n .. r. on th ri 0 t 
pro uo1; 
( ) U a o r ilt c • 
( ) Ut uo 
(t) t it of t . io , wi 0 t int o-
OU I tc. into t 
let i 
tu• It 0 in 
t o 0111 tor, t 1 t 
r l e 1n 
tUTl IJ uit t 
tt r oirc 1.t, t UI C :1. 
L3 a • cl 0 
l •• 
0 to r t 111 c, t t 
rn nt 1 
1 c1 117 
t11 lr or t c1~ out o t 
cuit L.1 C~ • ot 
t un l t 
t, cl 0 to to 
•in I t in t 
o1rcuit t 3 c _,,. 
T e ,ooo 0 or 1500 
' · 
1• f h1 h no t t it co b tun 17, 

t n 
r to 
th• 
t, d 
not 
1 less 
10 
1c 
10 ( 11 ), to r 
• 
0 t• , 
tl': !'O t - • lt 
to 
1 1t c C)"C ). It 
11 11 1 , 1o 1 
c1 1 1t ol on 
-A tuba 1th 1 lt con t t " c 0 n, in t th v lu 
ot Y " 1v .... ~ . 
t I1 c1 1t. 
t I • 
t Ro = th int t r e tub 
Tl r to n1r, e. t . Lf. 
t t e Ill • . t . 0 
I 11 ~ volt 
o 8// ._, E 11 t • • - "'0. 9 
no + n/ 
x t 
0 • • 
Lt r - of J! G 
Let 1 I: or our nt m .. "' in G. 
1 • • 
( ) 
in t , lv ton 
' t v l ot 1 c b date lne c out bov " i • ' 
11 l 1n :ora 
on t lo 1n ci c it. 
' by t tun ci b 
1 tt n Go! t 
t in t m 1 • I. t 1 
c 1 to ni , 
t • I 
0 1-: .,. 
ot G in 0 0 
'J . l n ut to 
tt d. t o. , t 
• cf • 87 ri 1 onl ? 0 ii t 
ti- lly ho oi 
er .. h oxt 
lit • 0 th 'lm~ 
to (25) 
-. 
., 'T'I X t. tro. u9nc1 
'l'be follo 1n con t 
ch ~tst1o . 
• • - 10 . 
( 
~- . 7 
• :'.? 0 
1o ce in Ci . it. 
n 0 
Ud a ot otimt. 
olt • 1 t r 
nt l 
•• t . of 
t ol t at 
0 t in , f., 
itb 
t 1 v t I v 1 tion 
~ · 
-
a co1 c n 
t 0 t 
G to • 
t Cll'... t ' ith t. n uo 
' 
h:i.v 
_L 1 t in uot ce of l? G 
D tu 'II in i r 
' 
-7 • ol '!I 
) 0 
0 p in 1• it t 
•l 
t 
1n t 
in t pl 
10 l t 
1n 
H 
0 
'1'n '> t in, 
t1on 
st tic 
l-
' 
;ffe-
o eo 
c r nt• 
t nt.1 l 
~ 
t . ep 
' 
ur 
ot l r 
hi) 
P ot 
In 
w.:t c n 
t 
e n 1 1 
In 
•t 1c 
l'l t 
t 
hi lo b 
00 iv 
v lt 
iJf 
, onlc. 
ill 
p 
-
t 0 
e • 
0 
t 
• 
-o 
lo 
n1 
ti. 
v 
.. ·1 t. 
• 
' 
ent 
0 
1 t1 
t obt 
.... 1 :n 
• 
nt. 1 h . .. nio 
\ r th 
!:'tr YL 
thtl 
n o 
ino 1:11 
t. 1 c fl 
0 
T\ 
1 
on1o • 
0 f t 
onl 
1ctie to t 1 
rgy elt 
t 
1c 
0 
0 t ir.P.~ 1 
delic .t 
-IU.L.L 
0 t .• 
, 
Uon o 
1t t • 
o"' t 
I ot 
- 5 -
I plo 
t• 0 ). In 
f th ice clo l ti th 
th 0 t • t 
volt t 1 ns. It •• b .. 
r.ctic.d t l!O l ! in thh 
o. r" ... i :i 1 7.5 y • vi t v 1t 8 
tl 1 t)f e one to 
t 1 •• t ~ (I b 
notie 1 1 l 
,, 
u ~ b 
t ot t 
n n h or t 0 l , 
: t1 t 
ill ., n 
(I t i 
0 1t1':' •o t .. f . 0 ., t I 
A 
-0 
Jjl- "'r- :z:r t ,. h t , ., 
0 
t I I 

? -
con 1tion tor sero .& .. LlllJCICJ<>.11109 ' 8 • 
1'0• 1ble r t1on1. 
I 
dn 
poun uld 
n 
~• in ih • 1t t 
1th •ut 1c1entl h1 
n1c1 
1 t c 1• n~ l at 
th •t ti 
t e 
yn ie 
t1on o 
c 1!18 ntl1 
In o t tic 
1oa, 1 t 
t • run nt 
. t ., t le 
It on '1 or v , 
ion for t 
v d Bl 1 r l 
t1on to th ca 1 t t or our 
. t . ia 1 
•• ve Ull 
at p t 
e 
1 ca 1e t t 0 c 
1 
1 
ion 
t1o1 
on h 
• 
, r, o no 
1-
t , 
ri Uc. 
ot t'1c1 t 0 t 
h 
t t1r t 0 r or l1 
0 r 10 on. 
t c 110 
0 0 1-
in 
on t. v f 
t • Uc 
r , th it 
tunot.ion o 'f' 0 1 
0 1t1o or n a1 1 in 
t in lt ~ 
n tin 0 t 1a ion o ti • 
t rn l t •t tic pot t1 •• 
In noluai itar ilh •inc r th to t 
le 
' 
in lo 1n n ey 
t 
' 
0 t 0 thl 
d. io c-i c inv 
nc t • 
Jo O. 
n o 











